This study aimed at determining, based on independent predictors of taste intensity and emotional response, whether individual personality traits could affect prediction models of overall liking and preference rank toward basic taste solutions. Sixty-seven participants rated taste intensities (TI) of four basic-taste solutions at both low and high concentrations, and of plain water. Emotional responses toward each sample were measured using a self-reported emotion questionnaire (SE), facial expressions (FE), and/or autonomic nervous system responses (ANS). Participants rated overall liking of the samples and ranked their preferences. Based on the results of a hierarchical cluster analysis of five personality traits measured using the Big Five Inventory, participants were classified into two clusters: cluster N (high neuroticism) and cluster E (high extraversion). Results showed that the SE measure for both clusters N and E was better than the TI, FE, and ANS measures in explaining variances of overall liking or preference rank. A measurement of effect size found that using FE and/or taste intensity measures, along with self-reported emotion measure, could enhance model predictability of overall liking or preference rank toward taste samples for cluster N, while the contribution to the prediction model for cluster E was minimal. ANS measures showed little contribution to the prediction model of overall liking for either cluster. In conclusion, this study shows that personality traits, in particular traits of extraversion and neuroticism, affect not only optimum measures of emotional responses, but also modulate predicting overall liking and preference rank toward basic taste solutions.
| INTRODUC TI ON
Numerous studies have shown relationships between taste intensity and acceptance (degree of liking) of taste cues among basic taste solutions, foods, and beverages (Mojet, Christ-Hazelhof, & Heidema, 2005; Pangborn, 1970; Samant, Chapko, & Seo, 2017) . However, previous findings in that regard have been inconsistent probably because of different experimental conditions, as well as a variety of influential factors such as taste quality, concentration level, genetic and demographic profiles, and environmental contexts (Duffy, Peterson, Dinehart, & Bartoshuk, 2003; Mojet et al., 2005) .
In addition to inducing intensity perception and hedonic response, taste cues have demonstrated potential for evoking participants' emotional responses toward basic taste solutions, foods, and beverages (Ng, Chaya, & Hort, 2013; O'Doherty, Rolls, Francis, Bowtell, & McGlone, 2001; Rousmans, Robin, Dittmar, & VernetMaury, 2000) . Studies focusing on basic taste solutions have reported that sweet-tasting solutions evoked positive emotions, while salty-tasting solutions evoked negative emotions (Rousmans et al., 2000) . Functional magnetic resonance imaging studies have provided supporting evidence of stimuli-induced emotional responses to taste. O'Doherty et al. (2001) showed that consumption of either sweet or salty tasting solutions resulted in pronounced neural-activations in the amygdala, a part of the brain associated extensively with emotional processing. Interestingly, similar to intensity perception-influenced acceptance of taste stimuli, taste stimuli-evoked emotional responses have been found to affect acceptance of tasting substances (Samant et al., 2017) . In general, positive emotions are considered to be associated with greater levels of liking, while negative emotions are considered to be related to lower levels of liking (Gutjar, Dalenberg et al., 2015; Ng et al., 2013) .
There is growing interest in better prediction of individual variations with respect to liking and preference toward food and beverage products. Emotional responses evoked by food or beverage samples have been found to better understand individuals' liking and preference toward the samples (de Wijk, Kooijma, Verhoeven, Holthuysen, & de Graaf, 2012; Gutjar, Dalenberg et al., 2015; . More recently, Samant et al. (2017) showed that when predicting overall liking and preference rank toward basic taste solutions, regression models using a combination of taste intensity and emotional responses performed better than did models separately using taste intensity and emotional responses. It therefore seems evident that association of taste perception and emotional responses is important to consider when seeking better understanding of individuals' liking and preference with respect to taste stimuli.
Intriguingly, it has been found that both taste perception and emotional responses are affected by individual personality traits (Robino et al., 2016; Stone & Pangborn, 1990) . More specifically, Stone and Pangborn (1990) demonstrated that participants who were more extroverted (or outgoing) than introverted (or reserved) liked a sweeter lemonade taste. It has also been shown that higher levels of neuroticism were associated with a greater preference for salty and sweet-tasting substances (Kikuchi & Watanabe, 2000) , while lower levels of psychological openness were related to lower preference for sweet-tasting substances (Saliba, Wragg, & Richardson, 2009 ). More recently, Robino et al. (2016) showed associations of alexithymia (i.e., a personality trait attributed to inhibition or inability to identify and state felt emotions) with intensity perception and acceptability of bitter-tasting compounds such as 6-n-propylthiouracil (PROP). Their results showed that, in addition to PROP non-tasters exhibiting higher alexithymia scores than PROP tasters, individuals with higher alexithymia scores showed lower preference for bitter-tasting vegetables, suggesting that the negative aspect of bitter taste perception might be mediated by personality traits such as alexithymia.
Previous studies have demonstrated that personality traits can influence emotional processing and expressiveness as well as sensory perception (Riggio & Riggio, 2002) . Among the set of personality traits identified by these studies, five primary traits have been popularly accepted: "extraversion (vs. introversion)", "agreeableness (vs. antagonism)", "conscientiousness (vs. lack of direction)", "neuroticism (vs. emotional stability)", and "openness (vs.
closedness to experience)" (Goldberg, 1990; John & Srivastava, 1999) . Among these five traits, extraversion and neuroticism have been extensively studied with respect to their influence on emotional responses. "Extraversion" is associated with being more outgoing and sociable, while "neuroticism" is associated with being more moody, irritable, and anxious (John & Srivastava, 1999) . Corresponding to the natural disposition of these traits, previous studies have shown that extraversion responds strongly to brain signals regulating behavioral activation systems based on reward perception, while neuroticism responds strongly to such signals regulating behavioral inhibition systems based on punishment perception. It is therefore possible that individuals exhibiting high extraversion and neuroticism might be more predisposed toward pronounced positive emotions and negative emotions, respectively (Costa & McCrae, 1980; Verduyn & Brans, 2012) . Brain imaging studies have also revealed that individuals with higher extraversion showed greater amygdala-activation in response to positive stimuli such as images of happy expressions (Canli, Sivers, Whitfield, Gotlib, & Gabrieli, 2002) , while those with higher neuroticism showed greater amygdala-activation in response to negative stimuli such as facial images depicting anger, fear, and sadness (Canli, 2004) . Although previous studies have indicated that these trends have not always been consistent, a key takeaway from them is that emotional responses toward specific stimuli can vary as a function of personality traits, especially neuroticism and extraversion traits. However, studies focusing on personality differences in processing of emotions elicited by taste stimuli are admittedly scarce.
Significance
This study found that emotional responses, in addition to perceived taste intensity, are effective in predicting consumer liking and preference toward tasting solutions.
Interestingly, predictability levels of such measures varied with individuals' personality traits, in particular traits of neuroticism and extraversion. Furthermore, optimum measures of emotions differed with personality traits. This study suggests that food industry professionals, chemosensory researchers, and clinicians should consider personality traits of their target populations when designing beverages or tasting substances as well as when measuring liking and preference toward products.
As mentioned above, Samant et al. (2017) developed optimum models for predicting overall liking (rating-based data) and preference rank (choice-based data), based on taste intensity and evoked emotions, for basic taste solutions. As a continuation of the previous study, this study aimed to determine whether contributions of taste intensity and evoked emotions to prediction models related to overall liking and preference rank among basic taste solutions could differ with individual personality traits. It has previously been thought that liking ratings provide information about acceptance of samples, whereas preference ranks provide insight into choice (Meilgaard, Civille, & Carr, 2015) . Thus, models predicting both overall liking and preference rank were considered in this study.
| MATERIAL S AND ME THODS
This study was conducted following the protocol approved by the Institutional Review Board of the University of Arkansas (Fayetteville, AR, USA). Prior to participation each participant was informed in detail about the experimental procedure and a written consent was obtained from each participant.
| Participants
The study was conducted over a span of three sessions, with the first two (Sessions 1 and 2; for details, see below) one week apart.
Participants were then asked to return on a subsequent day (Session 3), two to three weeks after the end of Session 2, to complete a questionnaire related to personality traits (the Big Five Inventory
[BFI]; for details, see below). While a total of 102 volunteers had participated in both Sessions 1 and 2 (Samant et al., 2017) , 67 volunteers [36 men and 31 women; mean age ± standard deviation (SD) = 41 ± 15 years] completed all three sessions. In other words, 35 volunteers who had completed both Sessions 1 and 2 did not return to participate in Session 3 probably due to a longer time-interval between Sessions 2 and 3 and/or personal time-conflicts. Therefore, only data of the participants (N = 67) who completed all three sessions were used in this study.
The participants were recruited through the University of Arkansas Sensory Service Center database that included consumer profiles of 6,200 Northwest Arkansas residents. To minimize potential influences of mental stress on intensity perception and acceptability (Samant, Wilkes, Odek, & Seo, 2016) , volunteers who had a high level of chronic stress, i.e., those who scored higher than 25 points on the 10-item Perceived Stress Scale (Cohen, Kamarch, & Mermelstein, 1983) , were not included. In addition, participants who self-reported as having known food allergies, smell or taste disorder, or clinical histories of major diseases were not included in this study. Demographic profiles of participants are shown in Table 1 . As described above, the participant sample (N = 67) was composed of a similar number of men (N = 36, 54%) and women (N = 31, 46%).
| Sample preparation
Tasting samples for this study included sweet, sour, salty, and bitter-tasting solutions prepared at two different concentration levels, "low" and "high", corresponding to numerical ratings of "5" and "10", respectively, on the universal reference scale ranging from 0-to 15-point (Meilgaard et al., 2015) . According to the Spectrum method (Sensory Spectrum Inc., Chatham, NJ, USA), the four taste solutions have been found to produce iso-intensities at either low (5-point) or high (10-point) concentrations (Meilgaard et al., 2015) . Numerical ratings of "low" and "high", respectively, corresponding to the concentration levels for each taste solution, were: sweet (5% and 10% w/v), sour (0.10% and 0.15% w/v), salty (0.35% and 0.55% w/v), and bitter (0.08% and 0.15% w/v) (Meilgaard et al., 2015) . Sweet, sour, salty, and bitter-tasting solutions used in this study were prepared with pure cane sugar (Great Value™, Wal-Mart Stores, Inc., Bentonville, AR, USA), citric acid (Sigma-Aldrich Fine Chemicals, St Louis, MO, TA B L E 1 Demographic profiles of the cluster N (high neuroticism) and cluster E (high extraversion) 
| Measurement of taste intensity and overall liking
Participants rated their perceived taste intensities on 15-cm line scales ranging from 0 (extremely weak) to 15 (extremely strong).
Levels of overall liking of the samples were measured using traditional 9-point hedonic scales ranging from 1 (dislike extremely) to 9 (like extremely).
| Measurement of emotional responses

| Self-reported emotions
Self-reported emotions (SE) were measured using EsSense25 (25 items) (Nestrud, Meiselman, King, Lesher, & Cardello, 2016) , a reduced version of the EsSense Profile ® (39 items) designed for measuring short and relatively intense emotional responses toward consumer products including foods and beverages (King & Meiselman, 2010) . The 25 emotions measured in this study were:
"active", "adventurous", "aggressive", "bored", "calm", "disgusted", "enthusiastic", "free", "good", "good natured", "guilty", "happy", "interested", "joyful", "loving", "mild", "nostalgic", "pleasant", "satisfied", "secure", "tame", "understanding", "warm", "wild", and "worried" (Nestrud et al., 2016) . Participants rated each item on EsSense25 on a 5-point scale ranging from 1 (not at all) to 5 (extremely). 
| Facial expression analysis
| Physiological autonomic nervous system responses measurement
Autonomic nervous system responses (ANS) measured included heart rate (HR; unit: beats/minute), skin temperature (ST; unit: °C), and skin conductance response (SCR; unit: µSiemens), measured using a SHIMMER™ sensor (SHIMMER™, Dublin, Ireland), a flexible and non-invasive sensing platform (Burns et al., 2010) . Previous research has suggested that emotional experiences could be manifested as changes in these ANS parameters (Kreibig, 2010) . As explained in a previous study (Samant et al., 2017) , HR was measured by placing an electrode on the proximal phalanges of the participants' ring finger, while SCR was measured by placing two Velcrostrap electrodes on the proximal phalanges of index and middle fingers of the non-dominant hand of the participant. Both HR and SCR were measured at a sampling rate of 102.4 Hz. ST (unit: °C) was also measured every 0.2 s using an eSense Skin Temperature Sensor for Android devices (Mindfield ® Biosystems Ltd., Gronau, Germany)
placed on the palm of participants' non-dominant hand.
| Measurement of personality traits
BFI, consisting of 44 items representing the big five variables of personality, i.e., extraversion, agreeableness, conscientiousness, neuroticism and openness, was used in this study to determine participants' personality traits (John, Donahue, & Kentle, 1991) .
Participants rated how much they disagreed/agreed with each of 44 items on a 5-point scale (1: disagree strongly; 5: agree strongly).
| Procedure
As described above, the first two of three sessions (Sessions 1 and 2) were one week apart, and participants were then asked to participate in Session 3 by completing the questionnaire of personality traits (BFI) two to three weeks after the end of Session 2.
| Sessions 1 and 2
All participants were asked to abstain from eating, drinking (except water), and cigarette smoking for 2 hr prior to their participation to avoid potential impacts of those activities on sensory perception and acceptance (Cho et al., 2017) . At each session, there were two stages of measurement, i.e., overall liking and preference rank, and further described as follows:
Overall liking measurement
Prior to starting, the experimental procedure was explained to each At each session, participants were asked to taste five samples: four tasting-samples (sweet, sour, salty, bitter-tasting solutions at either low or high concentration) and spring water as a control; all participants therefore tasted 10 samples over the span of two sessions. While the control sample (spring water) was presented during both sessions, presentation order of the other four taste solutions was randomized and counter-balanced during both sessions.
Each sample (approximately 45 mL) was presented in a 60 mL soufflé cup identified with a three-digit code. Participants were asked to pour the entire sample into their mouth and swallow it while looking at the camera. To ensure representative data, FE and ANS were measured 15 s before the sample was poured into their mouths and 15 s after they had swallowed the samples (see Figures 2 and 3 in Samant et al., 2017) . Participants were then asked to rate the perceived intensity and overall liking of each sample on a 15 cm line scale and a 9-point hedonic scale, respectively (See Section 2.3). A two-minute break was given between sample presentations to nullify carryover effects.
Preference rank measurement
After tasting all five samples at each session, participants took a tenmin break after which they were taken to a different room to re-taste the five samples. To minimize learning-related effects, samples were labeled with different three-digit codes. After re-tasting all samples, participants ranked them in order of preference (1: most preferred; 5: least preferred). During the preference rank task, taste intensity and emotional responses toward taste stimuli were not measured.
| Session 3
Participants were asked to return to complete the BFI questionnaire two to three weeks after completion of Session 2. A longer time-interval between Sessions 2 and 3 was expected to minimize any associations between the measurements of emotional responses and personality traits. Completion of the BFI questionnaire took an average of 10 min. The rating of each personality trait was calculated for every participant using guidelines provided by John and Srivastava (1999) .
| Data analysis
| Self-reported emotions
Since the primary goal of this study was to measure emotions elicited by the taste solutions, ratings of each emotion obtained before beginning the study were subtracted from those obtained after consumption of each sample and subsequent statistical analysis was performed using the subtracted values.
| Facial expression and ANS
Differences between before and after consumption of each sample with respect to FE (represented by the evidence values of 7 emotions) and ANS (represented by SCR, HR, and ST) were determined. Based on a previous study (Samant et al., 2017) , the first 5 s measures of the FE and ANS, respectively, from the 15 s measurement-interval before consumption, were considered as "pre-consumption" values for each response. While changes in emotions measured by FE exhibited maximum variation during the first 5 s after consumption, the maximum variation in ANS (SCR, HR, and ST) lasted for more than 10 s after consumption. This is possibly because ANS have been associated with delayed onset compared to facial expressions with quicker onset (Danner, Sidorkina, Joechl, & Duerrschmid, 2014) . The first 5 s of FE and the 10 s of ANS (SCR, HR, and ST, respectively) from the 15 s measurement after consumption of each sample were therefore considered as "post-consumption" values for each response. The "post-consumption" values for FE and ANS were subtracted from the "pre-consumption" values for each sample, and the differences were used for subsequent statistical analysis.
| Statistical analysis
Data was analyzed using JMP ® Pro software (version 13.0, SAS Institute Inc., Cary, NS, USA). A hierarchical cluster (HC) analysis for the BFI data was performed using Ward's method (Ward, 1963 ).
Ward's method, one of most popular agglomerative algorithms, has been found to be most suitable for studies where (a) the number of sample-observations in each cluster are expected to be similar and (b) there are no outlier sample-observations. Ward's method is considered to be sensitive to outliers (Ketchen & Schook, 1996; Milligam, 1980; Punj & Stewart, 1983) . To reduce a potential influence of outliers (Ketchen & Schook, 1996) , the HC analysis was performed on the standardized data in this study. Ward's method was also chosen as an agglomerative algorithm to minimize the impact of sample-observation size (i.e., the number of participants) in each cluster with respect to the prediction models of overall liking or preference rank, because Ward's method is likely to produce clusters with an approximately equal number of sample-observations (Ketchen & Schook, 1996) . Based on both a dendrogram and a constellation plot (Supplementary Figure 1) drawn by the HC analysis, 67 participants were classified into two major clusters (for details, see Section 3.1). A Student's t-test and a chi-square test were performed to determine whether the two clusters differed with respect to personality traits and demographic profiles, with statistical significance established at p < 0.05. In addition, a two-way analysis of variance (ANOVA), treating cluster (i.e., clusters N and E) as a fixed effect and participants as a random effect, and a Mann-Whitney U-test were conducted to determine whether the two clusters could differ in terms of overall liking and preference rank toward each taste stimulus.
A stepwise multiple linear regression analysis and an ordinal logistic regression analysis were conducted to predict overall liking and preference rank, respectively, of the basic taste solutions. (Klimberg & McCullogh, 2013) . Models constructed for prediction of overall liking using a multiple linear regression approach were compared using adjusted R 2 (R 
| Comparisons of cluster N (high neuroticism) and cluster E (high extraversion)
in the prediction model of overall liking developed using taste intensity, self-reported emotions, facial expressions, and ANS Optimum prediction models of overall liking toward the taste stimuli and their significant predictors were found to vary as a function of personality traits. Table 2 shows that taste intensity (model "A") explained 20% and 13%, respectively, of variances in overall Table 3 (model "B"), 5 out of 25 self-reported emotions were found to be significant predictors of overall liking for cluster N: "disgusted," "secure," "satisfied," "active," and "pleasant." For cluster E, 4 emotions were found to be significant predictors of overall liking (model "B" in Table 4 ): "disgusted," "satisfied," "nostalgic," and "calm."
Unlike the contributions of self-reported emotions, the contribution of facial expressions (model "C" in Table 2 ) to explain variances in overall liking was greater for cluster N (25%, R 2 adj = 0.25, RMSE = 1.90) than for cluster E (18%, R 2 adj = 0.18, RMSE = 1.96). As shown in "model C" of Table 3 , among participants in cluster N, 5 out of 7 emotions measured in terms of EV were found to be significant variables: "EV disgust," "EV contempt," "EV fear," "EV sadness," and "EV surprise." For participants in cluster E, only 3 emotions measured using facial expressions were significant in the prediction model for overall liking (model "C" in Table 4 ): "EV disgust," "EV contempt," and "EV sadness." Table 2 ) made no contribution in predicting overall liking of the basic taste solutions for either cluster. Because they made no contribution to the prediction models, ANS measures were not used as independent variables in further analysis.
SCR, HR, and ST measures of ANS (model "D" in
As described above, SE could explain the highest proportions of variances in the prediction models of overall liking for both clusters (42% for cluster N and 48% for cluster E). Using the equation described in Section 2.7.3, Cohen's f 2 using R 2 adj values of model "B" (self-reported emotions) and model "G" (self-reported emotions and facial expressions) was calculated to determine whether adding measures of facial expressions was important for improving the model's predictability with respect to overall liking of taste solutions. Cohen's f 2 values were 0.21 and 0.02 for clusters N and E, respectively, indicating that adding the measures of facial expressions could enhance predictability of overall liking of taste solutions for cluster N, but not for cluster E. In addition, Cohen's f 2 using R 2 adj values of model "B" (self-reported emotions) and model "E" (X: taste intensity and self-reported emotions) were calculated to determine whether adding measures of taste intensity was important with respect to enhancing model predictability. Cohen's f 2 values were 0.12 and nearly 0 for clusters N and E, respectively, indicating that adding measures of taste intensity can slightly better predict overall liking of taste solutions for cluster N, but not for cluster E. Interestingly, the effect sizes of adding measures of taste intensity to the model using both self-reported emotions and facial expressions (model "H") (taste intensity, self-reported emotions, and facial expressions) when compared to model "G" (self-reported emotions and facial expressions) were 0.04 and nearly 0, respectively, for clusters N and E.
| Comparisons of cluster N (high neuroticism) and cluster E (high extraversion) in the prediction model of preference rank developed using taste intensity, self-reported emotions, facial expressions, and ANS
Mann-Whiney U-test revealed that clusters N and E were not sig- Optimum prediction models of preference rank toward the taste stimuli and their significant predictors were found to vary as a function F I G U R E 1 Mean comparisons between clusters N (high neuroticism) and E (high extraversion) with respect to overall liking of individual taste stimuli: basic taste solutions at low and high concentration levels and spring water. Overall liking of spring water sample was tested in both low and high concentration sessions of basic taste solutions. Error bars represent standard error of the means of personality traits. Table 5 shows that taste intensity (model "A") explained 5% and 3%, respectively, of variances in preference rank for clusters N and E. In addition, self-reported emotions (model "B")
accounted for 7% and 8%, respectively, of variances in preference rank for clusters N and E. As shown for model "B" in Tables 6 and 7, only 2 self-reported emotions, i.e., "disgusted" and "satisfied," were found to be significant predictors of preference for clusters N and E.
Facial expressions (model "C" in Table 5 ) accounted for 5% of variance in preference rank for cluster N, but for only 2% in cluster E. For cluster N, 4 out of 7 emotions measured using facial expression analysis were found to be significant predictors of preference rank (model "C" in Table 6 ): "EV disgust," "EV contempt," "EV anger,"
and "EV sadness." Only 2 emotions were found to be significant predictors of preference rank for cluster E (model "C" in Table 7 ): "EV disgust" and "EV sadness."
Similar to the case for overall liking, since ANS measures made no contribution to predicting preference rank of the basic taste solutions for either cluster (model "D" in Table 5 ), they were not used as independent variables in further analysis. For cluster E, the model using self-reported emotions and facial expressions (model "G") was found to be optimum [R TA B L E 3 Significant predictors of multiple regression models of overall liking for cluster N based on taste intensity (TI), self-reported emotions (SE), facial expressions (FE), and autonomic nervous system responses (ANS) predicting preference rank, using a combination of taste intensity, self-reported emotions, and facial expressions, was found to be op- (Table 6 ).
| Comparisons between cluster N (high neuroticism) and cluster E (high extraversion) with respect to optimal model selection of overall liking
| Comparisons between cluster N (high neuroticism) and cluster E (high extraversion) with respect to optimal model selection of preference rank
For cluster E, model "E" that predicted preference rank using taste intensity and self-reported emotions was found to be optimum since it produced the highest R (0.08) as well as lower values in -log-likelihood (547.89), AICc (1,110.1), and BIC (1,137.18) (Table 5 ). Significant predictors of the model "E" were taste intensity (β = −0.06, p = 0.019) and self-reported emotions such as "disgusted"
(β = −0.61, p < 0.001) and "satisfied" (β = 0.27, p = 0.006) ( Table 7) .
| D ISCUSS I ON
The results from this study showed no significant differences between clusters N (high neuroticism) and E (high extraversion) with respect to overall liking and preference rank toward basic taste solutions at two concentration levels, except overall liking of sour taste solution at a high concentration level. These findings indicate that personality traits, in particular high neuroticism versus high extraversion, are unlikely to influence overall liking and preference rank toward basic taste solutions and spring water.
This study determined whether independent variables (i.e., taste intensity, self-reported emotions, facial expressions, and ANS measures) and their degrees of contributions to optimum prediction models of overall liking and preference rank toward basic taste solutions could differ as a function of personality traits. The results TA B L E 4 Significant predictors of multiple regression models of overall liking for cluster E based on taste intensity (TI), self-reported emotions (SE), facial expressions (FE), and autonomic nervous system responses (ANS) from this study revealed that, among the independent variables of models, self-reported emotions accounted for the largest proportion of variations with respect to overall liking and preference rank among participants in cluster N and among those in cluster E (model "B" in Tables 2 and 5 ). However, adding facial expressions to the model was beneficial with respect to predicting overall liking for cluster N, but not for cluster E (as indicated by effect sizes of 0.21 vs. 0.02, respectively) (see model "G" in Table 2 ). In other words, for cluster N (high neuroticism) a combination of facial expressions and self-reported emotions provided a moderately better model compared to one with only self-reported emotions. However, for cluster E (high extraversion) the combination of facial expressions and self-reported emotions provided little advantage over the model with only self-reported emotions. This result is in accordance with meta-analysis results of previous studies that investigated the association between personality traits and emotional expressiveness using self-reported questionnaires along with behavioral techniques such as facial expressions (Riggio & Riggio, 2002) . In that study, extraversion was more strongly related to emotion expressivity measured using self-reported techniques than to emotion expressivity measured by behavioral techniques such as facial expressions (Riggio & Riggio, 2002) ; emotion expressiveness herein is defined as how well a subject can communicate his/her feelings non-verbally.
Neuroticism exhibited no relationship with emotional expressivity using self-reported measures, while its association with emotion expressiveness using behavioral measures was slightly unclear (Riggio & Riggio, 2002) . A recent study found that neuroticism has a strong positive association with an alexithymia trait, i.e., the personality trait describing inhibition or inability to express how one is feeling (Heshmati & Azmoodeh, 2017) . It can therefore be suggested that a higher level of neuroticism could be associated with lower ability of an individual to explicitly express how he/she feels. In this way, using implicit methods such as facial expression analysis might provide a better understanding of how individuals with a high level of neuroticism emotionally react to specific stimuli including tasting substances.
Personality differences relating to effectiveness of participants in expressing their emotions also depend on valence of the emotion, i.e., whether the target emotion is positive or negative. There is extensive research suggesting that participants with a high level of extraversion are predisposed toward positive emotions, while participants with a high level of neuroticism are predisposed toward negative emotions (Canli, 2004; Canli et al., 2002 Canli et al., , 2001 Costa & McCrae, 1980; Verduyn & Brans, 2012) . In a year-long study conducted by Costa and McCrae (1980) , extraversion and neuroticism traits, measured by both the Cattell Sixteen Personality Factor Questionnaire (Cattell, Eber, & Tatsuoka, 1970) and the Eysenck Personality
Inventory (EPI; Eyesenck & Eyesenck, 1964) , were positively correlated to positive and negative affect scores, respectively. In fact, it has been suggested that extraversion and neuroticism affect the brain functioning in a different manner (Fisher, Wilk & Fredrikson 1997) . A study by Canli (2004) International Affective Picture Series). Interestingly, participants with a higher level of extraversion showed greater amygdala activation to positive pictures than to negative ones, while conversely participants with a higher level of neuroticism showed greater amygdala activation to negative images than to positive ones. Similar results have been reported in other studies using positive (e.g., ice cream and brownie) and negative (e.g., cemetery) images (Canli et al., 2001 ).
In another brain-imaging study (Canli et al., 2002) , when participants Intriguingly, it has been suggested that self-reported emotion questionnaires developed to measure food-evoked emotions should have more positive terms than negative terms (Desmet & Schifferstein, 2008) . This is attributed to the fact that consumption of food is expected to evoke positive or at least neutral emotions (Gibson, 2007) . On the other hand, studies performing facial expression analysis have shown greater reliability when measuring negative emotions than when measuring positive emotions (Zeinstra, Koelen, Colindres, Kok, & de Graaf, 2009 ). This might explain why cluster E participants in this study, who exhibit inherently stronger tendencies to feel positive emotions (compared to introverts), expressed strongly their feelings toward the taste stimuli via a self-reported emotional questionnaire. However, cluster N might be pre-disposed to express negative more than positive emotions that could be effectively captured by facial expression analysis. It should be noted that cluster E did not contain 100% extroverts and cluster N did not contain 100% neurotics, so while we saw the important contribution TA B L E 6 Significant predictors of ordinal regression models of preference rank for cluster N based on taste intensity (TI), self-reported emotions (SE), facial expressions (FE), and autonomic nervous system responses (ANS) of self-reported emotions to predicting overall liking and preference rank among both clusters N and E, the contribution of facial expressions should also be taken into account especially for participants exhibiting high levels of neuroticism. Moreover, since neurotic participants are said to be moody and not emotionally stable (John & Srivastava, 1999) (e.g., sweet, salty, bitter, sour tastes) rather than intensity. Another study that investigated the role of extraversion level on intensity perception of taste stimuli found no clear association between extraversion and taste intensity perception (Zverev & Mipando, 2008) .
In the present study, taste intensity had a small to moderate contribution with respect to predicting overall liking for cluster N, while
for cluster E this contribution was minimal (Table 2 ).
This study developed optimum models for predicting overall liking and preference by comparing different combinations of predictors including taste intensity and emotional responses for both clusters. For cluster N, the model predicting overall liking using self-reported emotions and facial expressions (model "G") had a high R 2 adj , with low values for RMSE, AICc and BIC. Adding taste intensity to this model (model "H") slightly increased R 2 adj while further lowering RMSE, AICc, and BIC values. Although C p for model "G" was low, model "H" was still retained since the other model parameters were optimized in that model (Table 2) . For cluster E, the prediction model "B" of overall liking, using only self-reported emotions, had a reasonably high R 2 adj value and low values of RMSE, AICc, and BIC. However, adding facial expressions to the model (model "G") increased the R 2 adj slightly with decreasing RMSE, AICc, and BIC values. Therefore, while either model "B" or model "G" should work, the latter ("G") was chosen due to its slightly higher R 2 adj . Even though the optimum model chosen for cluster E included facial expressions, it should be noted that its contribution to model "G" was lower than for cluster N ( Table 2) . With respect to preference rank, model "H," developed using self-reported emotions, facial expressions, and taste intensity, was found to be optimum for cluster N, while for cluster E model "E" using taste intensity and self-reported emotions was optimum (Table 5 ). These models maximized R 2 with the lowest values of -log-likelihood, AICc, and BIC.
Notably, model predictability of preference ranks (Table 5 ) was smaller than that of overall liking ratings (Table 2 ) toward taste samples evaluated in this study. This might be interpreted as an indication that preference rank judgement is influenced by other factors rather than only by sensory and emotional responses (Köster, 2009 ).
In a previous study by Lévy and Köster (1999) , when participants were asked to perform both liking and preference tests toward the same beverage samples, more than 30% of the participants exhibited differing patterns among the results. In particular, consumer preference for identical samples was found to change within a session as well as between sessions (Lévy & Köster, 1999) , reflecting difficulty in predicting consumer preference. Another plausible explanation for the smaller predictability of preference rank models TA B L E 7 Significant predictors of ordinal regression models of preference rank for cluster E based on taste intensity (TI), self-reported emotions (SE), facial expressions (FE), and autonomic nervous system responses (ANS) is that independent variables (taste intensity, self-rated emotions, facial expressions, and ANS) used in the preference rank models were obtained during overall liking measurements of taste samples, possibly leading to greater model predictability of overall liking ratings. In addition, since preference rank measurement was performed in a different room, potential influences of environmental contexts might not be negligible.
Gender differences have been found in personality dimensions, especially neuroticism and extraversion (Lynn & Martin, 1997) . Lynn and Martin (1997) reported gender differences with respect to neuroticism, extraversion, and psychoticism measured by the EPI across 37 countries. It was found that while women, in comparison to, scored higher on neuroticism traits in all 37 countries, men scored higher on psychoticism and extraversion traits in more than 30 countries. In another study by Weisberg, DeYoung, and Hirsh (2011) , women scored higher than men in both neuroticism and extraversion traits. Such gender differences in personality traits suggest that gender may also play an important role in determining optimum measures of emotional response and taste intensity for predicting overall liking and preference rank toward tasting substances. Thus, further study with greater sample sizes that include both men and women is needed to explore the effect of gender on models for predicting overall liking of and preference rank for taste solutions.
Finally, our findings should be interpreted with caution due to a limitation of this study. When measuring facial expressions, since participants' face was occluded when the taste sample was taken into the mouth, facial expressions during the initial stages of simulation were probably missed. Because initial facial expressions and impressions toward stimuli have been found to affect overall liking of and preference for the stimuli, a lack of initial facial expressions during tasting should be considered when interpreting the results from this study.
| CON CLUS ION
To summarize, this study showed that prediction models for overall liking and preference rank toward taste stimuli vary as a function of personality traits. Self-reported emotions better explained variations in overall liking and preference rank among participants with either higher neuroticism or higher extraversion when compared to perceived taste intensity, facial expression-based emotions, and autonomic nervous system responses. Using facial expression and/or taste intensity measures along with self-reported emotion measures as independent predictors could contribute more to the prediction model of overall liking for participants with higher levels of neuroticism, while their contributions to the model developed for participants with higher levels of extraversion was minimal. In other words, self-reported emotions accounted for a majority of variations with respect to overall liking for extroverts, while a combination of self-reported emotions, facial expressions, and taste intensity might work better for participants with higher levels of neuroticism. In conclusion, our findings provide empirical evidence that personality traits, in particular traits of extraversion and neuroticism, affect not only optimum measures of emotional responses, but also contribute to predicting overall liking and preference rank of basic taste stimuli.
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